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t . 3 mm<r>:^x t i mmizm^f^ vx . mmmmAx/ 

2 0 0 omzmmti,zt^mit'ri>mim^mi*i 

^<r>±i,z^^^iif^m 1 co^-im^i^mt . -tcom 
i<omm^i^m<^±i,z^^mi,zm^^ti. mmizm 
^m^mm^^^uzK v^tt^s-w-r^«ai^i:*>'^>^r 
?>Ti&m<7)±^z. TmmizimLtzmtzt^&xm^0'\'^ 
mmt. rimxmti/^mi>z^^x?&m-^j:\^mmb 

wmi^mcr>±.i,zm^i%tsmsL<r>mitwmwmi3^ 
[if*iS3i mmTmrn^m^fix . ^<Dm2<r>m'^ 

[fi*Ji4] mt^Tmmtm^tix . m2(Dmim^ 
^tix^j:&zb^m[b-r&m^2ttM3izmm<7) 

mm<Dm 2 <^m^tiii^iii!:miz n^am^^tix^ 
tzt t:mib-ti,m^2 3 tzmi<^mim^ 

im^mei mmrmmtf^m^^tLX . -e<^^2<7)^ 
0 u mnitxh i>zb ^nwib 
-r^w^ 2 izMm<7)m^m^iimi'. 

im^m 7 ] m^rmmtiim^^ixx . m^B^mufi^ 
V ^mim<7)f^ 2 <7)m1mmii^m^z nmrnum^^ tix 
^?>zb ^mkb -rsfs^ 2 iz§sm<7)m^m¥mim 
^. 

imtma] mim2<D^it'mmi^miznm^tm 
ii'}'~y^tix\>^^zbt:nmb-rm^27bm7co 

\^co\^-mi}> 1 mizimcommi^mi^m^. 
I is^js 9 ] Biiiem 2 (7)m-imm^i^mtimT^yM 1 

•5fi^:S2 jbils <7)F*i<7)v^-rtt*» 1 miiz§sM<r>m.i\:m^ 
[00013 



^Fl8<0i!'-^rV'>S'ft:!|?J^* ( I njA 1 yGa 

i.x-yN. osx. ogY, x+Yg 1 ) o«;g:^r^i: . ^ 

5KiJ^^;t-H (LED) . f jf- k (LD) . 
[0002] 

[v^<omm] w^LED. i^^LEDco^mb^h 
tLX\>^^mimH^mi. ^yr-trmLUzwF^ 

\,Azhmhh-r. ^<r>m^^z^mb^b'§mL^\>^, z. 
tnimm^i^¥mcr>^mmbm^*) . ^m\,zm 

■it<,zm^Z.b'k^LX\>^h. 
[ 0 0 0 3 J mim^i^i^-^'^X'ii. LE 
^bnUiiz^yT>{rmL(0±.{,z^^^ix^ifi. -9-7 r 

Tco±{c^i.{f L E D i: |SI t J; 3 (c:^N'>y 7 r Jl$r:fr L 

xm=fmmb^j:h^^'m^wt:nm^h b m^xma 

EDlc:JtSSLT«8S®je3&«l~2|fit:*c#v^<0'C, i^^ 

;X:|l|g*iL E D M=$r 0 it^^iiJJlc^-r -I. § , 

mzmmx'h^, 

[0004] ^zx\ mm^yr^Tcoxo^mm 
^^bm^j:^mmx*)^:i,mi.cr>±iz^ mimimn^ 
mib^j:hXd^m&xm<^>^\>mimi¥^mi*ii:^^ 

^■^^m^f-^K «iS^^^^^fi?i^■I.J:^^c^oJt mt 

(f . Proceedings of The Second International Confer 
ence on Nitride SeiDiconductors-ICNS'97 ^iR^.Octo 
ber 27-31, 1997.P492-493, |S|t<ICNS'97 ^^.Octo 
ber 27-31, 1997. P500-501), ZtK^cOtmH. ^yr^ 

rm^iz , mM<Dm^xmmmz^^ a n«^» 
<mm$-t, ^<^±izsiOiX'o^^9ikmmi:sii-i^m 
izm^L. ■e<^«MM<o±3b»iJ>/N5-f (h 
vpE) . ^m^m%n^^m (movpe) mcoms 
^M:mizj:o. n&G aNm^mij{^iz^M:^iti>tiiWj 
xhh, z. (^immim^^^^m^x'mii^i.z 

^^^^tZbi)^t>. -^HZyy-^lVr^—i^-i^'a^X 
(lateral over growth: LOG) b'^\$tlX\^h ^ 

[0005] ^fz. n^\i\^oG\,zi^K>MLtzm.im 
^ $rf^ L X , m^X'm^xmMX'<r>w^%m i jjv^ 

JJLhSrm L)t Zbi^^Lfzi ICNS' 97 Octob 
er 27-31, 1997, P444-446) , 
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[00061 

tfs^T. Mmzi^^xm<^'j'-^j:\'^mm^im-t^zb 
t^-c^ I. . an*, . wmmizm^f&^m^^-^i> c t ifi 

[000 7] Lti^L^j:ifih. iSmff^mMrmcClii. ^ti 

m.'{m^wmm\.zmix\i^^m^xm<m},i§'<^tz 

<7){ii?-r3&»L*>f#^^t^v\ m^iizmu-mT^^m-t 
i,tzMz\t. mitwm^m\,zwxtzi^mm<m.i: 

^^i.zm'-^^thiimti^hh. %->x. ^mmz<r>ii 

^^(■^(oi^^fjmiwk-rht^fiz. ^tLxmi 
mzmifzmm^^^^^ws^-ti^ ^itizhh, 

[0008] 

m.c^±.<,zm^^tifzm i <^m^m^wm t . ^cr>m i 
<7)mi\Lmmi^m<^mizsi^^wnzmm^ti. mmzm 

i: , 3 mmc^:^'^ t $r mmz^i^ Lx . mi^mmm/ 
Ttm(^±i>z. mmLi-zm2comim^mi¥mi:^m 
^i>mitwmiiimR<o^^ijmizii\.^x - mmamm 
(7):^xizm-^mmm<r>:(fx(7)^;i'it immm/sm 
m-.^xr. v/iiiibfcv^o, ) ^2 0 0omT{3iSS 
'thztti'mit^h. ifiLi>^;Pibi:LT{il 8 0 

omr. $i?.{c:a*L<<ii sooiaTcpim.. t 

mmt'^&mimix'hmm^zm^-th t co-rfi^v ^ 

S*L<Jil OULh, §4>t:»^L<(i301.:il±. 

Sfe«F* L< id 5 oijuitcpfit--?. , ■^wma^'^x . 
m^^tim'^L. G3iMco:^'xtLxiimm^m%m^ 

^mX'htlif. TMG ( hy^^^UXfU'^A) .TEG 
( h>jX^;l^;«fy'>A) ^<?5^GaXr:^. HVPET 
{±, HC lcoj;^5^III|ge^®i:SJSSt-S^^a^'>•-^^:*5g 

'fl:;<^U'>A mizGaC I3) #*^Gai!S<7);yxicfflS 

[0009] ^^HjiDg-fkw^fiiJfg^ji. mim^m 
<r>mim^i^m t . ^(r>m 1 cr,m.<m^wmco}Lf,z 



u'^mi^zm&^ii. mmi.zmm^m'i^^ uz<\^ 

^)&Ltzmizm^xmifi^\^mmt . rmmi: <omtitz 
mi,zi^^xmm-^j:^mmk ^^i-?>m2<7)m^tm^^ 
i^mi:^b. ^<Dfn2<7)mim^mi^mcr)±i,zis^^ 
-ktsmccomitwmnimij^^mtix^i, z. t imm. 

[0010] mMT^mtm^iixm^mmt ^ti^m 

0;tzmmT«fgffl{c*)5C:!:^!|fafc-r-S. m2(Omit 

ii'^^<L-c. m2com^t'mmt^mm\ti^cr,^'j'"^j:< 
-thiitifix'^^. ^tzm2<r)mm^iiiim<7^m^ifi 
lumx^ hm^t. mm±.\iZ^2<r)mmm^w.m 

[0011] t.tzmi^Timim^fixm=f-mm.t ^ti 
m 2 <r>mm^wm<7>±j,z^^^ tinmpm 

*fi4itLT{iSi, Ge$-»SL<fflV%S, C:«0Sg2<7) 
M-fl:!t5!)^ft«$rTyH-7°GaNi: LTIS^b1±*^< 

-r-si:, mmti^^<^j:htzi^. ^(7>±.t,znmv-imii)- . 

X. immzn\^m=¥-i)m^ix^ , 
[0012] t.fzmd.Tfmim^ixxm=Fmmt 
M^^s:Pii3!)*#-v^Mi^oii2<om!i%^*a 

S*T(i^^B^Pfl*^^V^tco{i. m^Xmt-:}^-^j:\^^(7) 

X'oi^^^')rmm^±%<^j:hmpi\,zhh. %^x. 
^2<r)'mvcwmwmcom^xM<n^\^mmmf^b n 

ffi. vf ()(i:^t6i«E) *i<STt^-r»'\ 
[0013] -:tr, iiuiaTtt!>®*-'l^§itT«-?<ijit 
m2<rym.itwmwm<7iW^ifi3 0umi?i 

xhht. mikxm<7)<if^j:\,^m!mifi^^i,z^<^j:->x. 
^<r>±.\.z^'m^^tsm,wmmmm't^t. 4^ 
mzm^xm(r/j^^j:\^%=mm.ifimmx% h z:t t j: 

[ 0 0 1 4 ] ^f^. Timtm^^fii.m^. i^^nxm 
iji^^^mmcom 2 <r>mitwmwmt,znmmim0,^ti 



(4) 



mm^i 1-219910 



[0 0 i5im2comimm^mi^mitm^mziiTy\^ 

m2cr>m.im^W.miZ\,iS i . Ge^cOn^^p 

M!fei^H-rL-c=>f^yriij^$-. ^ni-tj'ixioiv 
ctf - 5 X 1 0 1 3 /ctf (ciaB-r s ^ j&^a* Lv ^. 
[0016] ^ti^^<r>m=f(m2cn>'mtwmw.m 

m.Wi^mm-nt^iznLxiiisn \:.-}imzhix\i. 
^(r>^wmmi,zm&^ti^j:\'\ 

[00 17] 

iWR<nmi&<mm m\--mAifm.^(n^mjm\iZ 

&-^j:y.^mik(^^^:m\.zxhmmm^w.m(r>^^mM 
^f^^is^m^mmmx'hh , z.tit>(r>m(izi6\.^x . 

1, I'lmtli^yr ^Ti:^^j:hmmmL. 2. 2' 

Sfi^aiS. 4. 4'{4Sfi?i:'5rSJ:o=5r^20g'fL!!^^ 
®«£eSr^tTt''^. VAT. :iix.t><rm^7ti,zz^m^<r) 

*«''>itB^-r-& , m 1 ~07(:tiV^T^TiNBI8«g^fc?«I^ 

[0018] M«»fi^ 1 <r>±.\,z^^Lfzm 1 <7)^-fl:!|^j^ 

.tx^^h. ^Lx. ^(r>mi(mim^mwm2<r>mm 

h . ^ K m 1 <Dm.itwmwm 2 
jS3.?-irf sTseiis-fiajxtf 9 0 or- 110 ortcmi 

[0019] ^^mcofjmx\i3mm<^:fiMzm-hm. 



mm.<D:tj'xa)^)Vit ( V/If IJt) 2: 2 0 0 OliATtcIS 
g-ri.. ::cOj:5CV/'IIIJtS-/h§<-r&<Ii:t:J: 

gp^) *^^>^;RL;tm2<7)^^l:!H!i^«c4*>\ «SM3 

^^omi. ^2<^^mi^mwm4 ^zi,wr/x < s 
i}K m2com^m^i^4^immm.^yj\^x'^^^'± 
^t.mi izm-x a i,zmm±mzt3\^x . m^xm 

i^^ta^. :^mmmM:ijmx'ii^mmcommi:mm<^m 

[0020]$ i^iz^mmif^ b . mm 3 <o±.\,zi5 

i>^^-th (LOG) , *I^Jc?)*StcJ:4t. m2<^) 

'mm^WA<r>m^tiK mmmA^'miznLxmj 
mmzMthffyx\ m 2 ic^-r i a tern 2 c7)M'ft;it^¥ 

m^\,zhh. zzx-mm^iZb^i. ^2(r>^im^w 
m\,z^Lx^^hm^!F3m. m^^\,zwi/x\^htz 
^ 2 <r>mitwmw.mma{zmix\>z < v ^ t v ^ a ^ t 

[0021 ] § ^m*$-^{t?> t . IS20^'fl:i|^I^ 
i*tJi4l4±{c|(ii*>-5Tti£:g-tS**. ms^iZTTcti^o 

I.Z. m!m<m±.^zhht^mit:m)f>ht:.mzimj^. 

tc. m2cOM^t:!}55^#:S4cOifeS^Fg{4. «^30 

[ 0 0 2 2 ] T . fig«*<7)m 2 (r>m.im^w-m 4 

(4. a4tc^-rJ:3{cm2(7)S{k?%l^*«OSgB^XPfi 
^2<r>m.\twmw<r>m:-)j\^i,z-^i>^x. «l^r[6j 

-5t<?)t&l.. .r<^/v:a6. Tite«i^±tc|g20^'ft:!t%^ 

mitim^mmx^^vx\'^<izn^xm&xmi±i!'-^< 

miiLtx^M^^t^t. mmizmnm&xm^^mz 
{i'-^\im2<7)m-im^mi^mm%i^ti. 'wiz^m:G 
aNmLbtxf^m-th, -s" 
[0023] z(DX 0 \.z^2<r>mm^^^^m-h 

:it\,zX^. Timf,z^Ltzm<,zm^BXMifi§'\^m^ 

TmmtK)mivf:imiz^^xm>'j'^^j:\'^mm^m:t 

^m2cr)m^m^i^mi:&jRX'i^. y^^mcr>^M:fj- 
mi>zj:^t. mtimmizmi:^m^x?&<^mii. mm 

TEMX-mm-r^ i: . 1 X 1 08flg/cin2mT. $ i^Ui 
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0 0 0 J: 'Oiz^^^^M::f}mX'ii. «15J<50^«T\ 0 

^i^o^^l:!l^¥^f*cii2'*-4>m2<7)M^l:!t%¥^#: 
[00251 $ ^>tc^:gs-«!{ti. h . miciWLwm 

[0026] -e-<^^*«e3fWJS:R:61£t=:i SII2<^)g^ 
!|^¥#*<cJ14 ' cr)^a^FfS{i:, 07 iZTjk-tX 0 iz. 

m:.m'mmm2 <Dm^m^^i*im<7)mmiznm^m. 

izi±m^XM<7)^\>^imt'>^j:y'^mit m^s> x a 

[0027] *^HjoB!t^^rat:t3v^T. m2(r>m^m 
^^mmi^zMLxmm.. rnvKim^miz^^^-^ 

^im't?>ztimmzmmx'f)*). ^(r>it mmmy 
smu) ^2ooox>oh^<'t?>t. m2<7)m.im^^ 
mi^iif'm^xdizEAimiz^^'t^tiib. 

iZ$)h, 

[0028] 

imtmi Lmmmi ] man^wRco-mmmtz^^ 

xhy-( y'izmm.^j:iff^Tmm Ltiw.<^mm t mmz^ 
LTv^s, OT, ciioHS-xtcigSftffiJitov^riiBW 

[0029] 2^yi'<f>. cmi^mt-t^^yr^T 
J:0<irl>Ma»«llS:MOVPEKi5^SWc-fe-y h 

L. m^^SOOrCUTs #'V';r;<ry^k:*3R. HIE 
;^fXtCTMG ( hU^^;l'Xf'J'>A (Ga(CH3)3 : T 
MG) m/Ty^=~T (NH3) 2:fflV\ GaNiO^ 
^J-^'vyrm 5r2 0 03i->'^Xho— ACT) 

ISJlTJit^a^-lti.. >'N*-y7rJifi!t«m. iagSr 10 5 0 
•CtCtT. |SIt<GaNctO=5r.5lgl<^^-ft;!}^^#*ii 
2 ^ 5 mCO^X'^M^-^i> , lg 1 «S-ft:!|^4^*Jl 
2{iA 1 ?I^JtXli*<0 . SlMTt^A 1 X Gai-x N ( 0 
^X^iOK 5) ^^m^-thZbii/(mtL\'^, 0. 5S- 

m^s t . ^^xmt a cfc •) t*sss#:ic^' 5 i?** 

-fr-t . 1 0 mmTc^l^t:lli^-f 5 ^btmt 
LV^. ^{±-9-7T-f rc7)ffe. SiC. ZnO. ;^tr;t- 



[00301^1 cOg-fLfSil^f*:;! 2^:afS. '^x-vn 
commiz. xhy4y^cr)yyrh-7X^t:ifMt. cv 
(^SP) 2/^mCOS i O2 J; 0=5: -Susans ^l)umC7) 

mmx'mjs,-t^. ^mj^^^m^bLxuxhy-fy^. 

V>m2c7)^-(l:!^^f*:«3*<Bg:RL^V^. 
^Sfi: LT{i, CTi.tfK'fL^^f « ( S i Ox ) , m^ty^ 
lg ( S ixN, ) . miti-^y (T i Ox ) . K-fbi^VPn 
-^M, (Z r Ox ) S^tife. *JtiiX*>«0 

^mm<7)m. 1 2 0 o-cuihcoin^^^r-ri.^iS^Srffl 

flsm«iB^6 0 o-c^i 1 0 oroia^ttwi.. 
<7mmizmim^w^^^L^^^i)\ mLKitfSMt 

[0031] (S2C0M^l:??S^«cji4 ) «^3®)i£ 
f^. '^x->'^2:SSMOVPE<^RjtB^|*I^^-fe.y h 

t. iaSS- 1 0 50'ClCtT, ry^r-TSrO. 2 7mo 
1/min. TMGSr2 2 5/^iiiol/niin (V/IIIJt= 1 2 
00) ■C-ryH-7"GaNa;0^:Sm2COg-(t;!t?!l^f*: 

^m^^m^mmmT e mi: i 0 mm-ti t.mi<om. 

i^^mcom^^K ( 1 OSffl/cm^lJUi) , 5 urn J:*) 

h±(mmviim^mi!f^^K:< ( 1 osfflL/cmzjji 

T) , +■^^zm^m^<^mi¥m^b LxmmT^hi.<^X' 
h-^tz, ^fz^mc.<r>mm\t. %mm±.mz\,t\ibA,H 

( v/iiijt*i2 0 0 0 J: 0;^) izit^xm^m<m 

{42«JiJLhi!'-=5:V\ 

[0032] ^2<r>m.w^mwmi,tf^'^^ y^^^ 

m (HVPE) S:fflV^T^:R$-»i--g,^i:*i-C'#l.*^. CI 
o J; a tc:M O V p E^tc: i O^^gr^-tfl. ^ i: t T-t= -S , 
m2iOM-fb!|?!l^*«i± I n, A 1 S:-t-i:5rV»GaN5: 
^^^■^?>Zbiiimi>ntL<. ^^^m>i!fXbLX 
(i, TMGcOfife. M»xf-;k;iry '^A (Ga{C 
2H6)3 : TEG) ^<7)mk:ffU^Mt-^t:m^\ mm 

i>mtv\.\ ttz. zc^2<om^wmi^mizs i .^^o' 
Gemconm^mm^ v-rtx^-^vrm^^rmM^i'' 
m^iz^Lxhx^KmzmmmL.mKT^mim^^ 
m»fa. «Missri**-rs«^fc{±. z(r>^2<r>m.mmi^ 
^mwmi<z nM^*ifi!i^!i* H-T^i. i b *mt ■ 

[00331 (nWyN'y^rJIl l=*n|l3:x^^h 

m) mz. ry^-TbTMG. ^mm:^'xbLxi^y 
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i,. c: (7) n pjy N' -y 7 r mUMiSrC'^^M § S n' -y 7 r S 
X'$> *) . mtii^y r^T. S i C . X f4^;l/c7) i a 
S^tll^fti:M=5:S«i|SJJ: '5^:S»IR<?5±t:. 9 0 0 
'COTOffiiSlCfeV'^T. GaN. A 1 N#$r. 0. 5/x 

[00341 (^9 yr^R&itJll 2) TMG. T 

MI ( A) , ry^-T^fflV^. iS 

SSr 8 0 or Lfl no. 06 G ao. 94 N J; 0=3rS ^' 7 >y 

f*. if^L<{iI n^Gai-^N (0<X<0. 5)5: 

\,z^^^^thA 1 i^ttmit'mmmz^'^y^i/tx^ 

[0035] (n(i|^'5>y H®1 3=MIS^^a) 
1 050'CT-TMA. TMG. Tyt—T. 
fj:^^m\^. S i ^1X1 Qia/ctfK-rLJtnSA 

J--<rMWX^^^^. m^^xy'yyij:^. TMA$:± 

TyH-7'OGaNJ:»9^SSI2coWSr2 5^i-:x^ 
Xhn-Ac^M/J-ej«:S$-fr&. -f-L-cmiJi+m2JB 

+miS+m2«+- • • i:C'>dJ:atCi@&7-Jl^ffi« 

1 2$^jfi:R;^-lir€,, A>H=¥^«yrx:^;P^-!()<M^S 

[0036] (nffl!Bbir>f HJil4) iggV^T, 
xS-jhi^. 1 0 50''C-CT>'K-rGaNJ:')^Sni!l 
3eXf-f Fil 1 4 0 . lx/miOllJ?T-«:R$-ti:l,. 

GaN. lnQ,^Wk^^^^h^'timt\^<.m.^ 
1 0 0:t>':/Xhn-A~5//m. §'^>{Cif^ L<«i2 
0 0 Jl- yr^'X h a- A~ 1 /z m<7)JlJ|[T'^;S § i^S i: 

SyN'yW^>yTx^vU^-cO:^#V^:^c7)^-ft:!f^^}i^flt 
Jgc^vN'y -y rx;tvp^'-<4vStt«co#F« J; 0 i> 

< . 'n-.ffl!f:7 =y -y Hii<?)A 1 0. 2 G aj. s N i 0 1 /hS 

[00 3 7] (^g^tJIl 5) iXt:. TMG. TMI . r 
>'^:::ir$-fflV>^g1f«14$rBg*$-^|., -^SttSiiiaS 



$:8 0 0°CIC«»L.-C. r>'H-ri no.2Gao.8Nj: 

0=5r-5#Fil2:4 0^y:/;^hD-Ac7)m@CT^k;?-fr 

X\ ryK-ri no.o5Gao.95Nj;'9^rSISiEMJl$-l 

oo^>i/j^hQ-Ac7)ffiJ¥T'««§ii-i,. ^wrntm 
mmt^mizmmt. M^izmmmxmh<o . mmm^ 

A0:^yyxYV3-M,<r>^mMFf-^Pm^ (MQW) 

[0038] (pfi!l^-v yr^l 6) ycii. aS$-l 0 
SOOCiff. TMG. TMA, r>-^-T. Cp2M 

KJI 1 7 J: 0 t^N'V -yTJ^A^)V^-i)i±^ 
V\ MgS:lxl02»/'cm3h'-rU/v:pMAlo.3Ga 
o.vNJtO^-SpfflJ^^r-yTJil 6^3 0 03i->'^^;^b 
O— AiOmST'^^? 1i--S> . <7) p S^-v -y TJi 1 6 « 
0 . 1 jJLm\:XTcr>mM-X'm^'th ^ i: J; 0 ^^^Offi^j 

1 0 :t y^J^X h a-Am±<^lSj?T-Jg«-r it** 

[00 39] (Pi!l3fe;if^ Hill 7) i^»,^TCp2M 
g, TMA^rih*^, lOSO'C-C. ^'nVK^-v •yrx:t-. 

/^dE^_:^l^p^iI;^f .yr® 1 6 J: 0 T>' H-r 

GaNj; 0=5:1. pilJ3K;<'W h'Sl 7^0. 1/xmcOMff 

fflt. nM3\;^'f HJil4i:|lIb<GaN. I nGaN 
•Ci«:g$-|i:^ifc*5a*Lv^. !5rtJ, J:cOpffi!Be;{f>f K 
Jl^T>H-r<7)M^b!|^i|£##:. ^L<{ipM:^M!t?!l^ 

•C# S . iS^S^® fcf S^^tc^VNV H^A- -y rx;^;^ 
^-<^::*;# =5r:&<OS-fl:!Bj¥^«c««o^N->' K^a- >yrx;^ 

COA 1 0. 2 G ao. 8 N J; 0 < -^-5 C: iJ&^'a* LV^ 
[0040] (pfi!^'9>y H®1 8) iggV^T, 1050 
'C-CMgS: 1X1 O^o/cma h'-TL-Ttp^A 1 „. jGa 
0. eN i 0^SIS3c7)«Sr 2 5:t>'^X hD-AiOMff 
•C'^^^-it, m^'^XTMA<7)7).i:±if)^ TyV—yGa. 

NX *)^i>m4<om^ 2 5:ty^:^hn-j>.<7)m¥x^ 

•yVmi8^^^^iti>. C:i7)Jtt nfi!|^5>/ h'«l 3 
tmt<^<y H^A- -y TX^.;U:^i^-*JS^^M-fb^^^ 

[0041] (pm=jy^^i'hmi9) mmz. 105 

0rT\ p{B9:^'7>y K«l 8<50±{C, Mg$:2xlO20 

/cni3 K-rLJtpaGaNJ:0>5r'Spiilr7>'^':? 

1 8$: 1 5 O^yyx hV3-j^commx^M^-t^, P 
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(ilnyr^^'hSl 9{4pMOI nxA lyGai-x-vN 

(o^x. o^Y, x+Ygi) Tm^^^tt^-c^. n 

lvGa,-,N^^tfjS1^^iitc7)pi!l^7-y Kill HZ 
f*:Srpi9ny^^ hBt tT, -ecOJiff S: 5 0 O^V^/ 
y^^' hSl 8<^=if-\'yTiaJtj&*iS<=3:0pmffii:»* 

10 0 4 2] ia±co J; 0 izLxmm^mUf^i^S:^-^ 

X:TT--V y^^trVK pM^PSfiifeSr H-rt-tJBS- 

[00431 T~-uyym. '>xWN$:Rje^*»/i> 
jROffiL. miizi^-i-xdiz. RiRmmt>zi*)&±M 

cJOpfflny^':? h^l Si;, p{i:?'9-y HWl 7i:SrX 
■^.08 t^S^-t i O IZ U >y r^'X b 7 >f rfiSSriSa^ 

Srisftsfaat-r-g.. z<^ioi,zi^^xmmibA.t'^ 
K^mmzxhy^ y^mm-^t. i^&^mi^^^&at 
x'mfx:i^<^j:i>mf^iz$>i,tiib. m^T^^m^t-t 

set t^x'^ . mmm'\^±-t^ . 

l0 0 4 4}<lKizO yi^mmi,z^X::^^m^L. RIE 
(crx.y^y:5^S:lTV%, n^Bly^'«y 7r« 1 liO^ffiSrS 

23^m^-thfz^(^^y^ ^ vmt Lxi.^m-th, 
^^i6msx\inm^^-/yrmi i^-av^^hmt lx 

3 > rJ' ^ h ® i: -r S e i: t> T # -g. . 

[004 51 mzpm-:iy-s^'!^vmi9<n')v'jm.^m 

. tCN i k A u i 0 =S:'6 P ®ffi 2 0 h 5 rtttcj^^ 

■r-S. p{lny^^'b®i;»tLt^^-5-y^3&*#'^n 
l.pm!^2 0O«^i:LT{i. 0iJi.{fN i , Pt. P 
Co, Ni/Au, Pt/Au, Pd/Au^S'^ 

[004 61 -fj. Ti fcA 1 J;'9^.Sn«fii2 2Sr5fe 
{ik'Eai^-lirJtnffiyyN'-y^r/ll 1 iO^Wc:^ h 7 ^ r 
mz^m-h . n ffl|yN'«y 7 T « 1 1 , i )t{iG a NS«i 
1 Ofcjff* -y^7*>'^f ^tl-l. nfl:@2 2<;01^^ 

i: LTJJA-ff-'T i , W, Cu, Zn, Sn, I n^(7) 

[00471 actG, S 1 liS^^J: a fc:p^2 0 i: , n 

W2'2t <^m^z'm\& Lfzmt^^iii^mffimM^z s i 

LTp««i2 Oi:fl;^lcS^L:^c:p>'N* >y H^2 1^ 



y^yiiyy'^yi^X'ti,XoizLX\>^t, 
[0 04 8] J^UiOiatwfC, n«fiii:pm«gi:$:?^ 

^bti^:>^-^^^mmmmzimL. r-(^=Eymm 
>frsiR^7-yb-y^^L, ^yr-(rmmcr>m^t:7o 

umb-t^. 5-yb-y^^1i, $/i,tifflIM'>gfa^f'K-l^£ 
[ 0 0 4 9 1 -?-<^f*, Au/Snffl!lS:X^'^-f ^LT, 

X h ^ r^(^v&izmmfj:i3\^x'^<-mzmm t , ^ 

rastc^^iiS^fHIS-rs. ^^SSIffltc:s i OzkT i O2 

:^i^nT', y<~i:^3i)mLXU-^'^-yTtLfz. mzi--y 

^iat;t3V-»t:, iaffi«li£?&jK2. OkA/cm^ n 
ffiflffi4 . 0 V-C, ^W&M:4 0 5 n m<7)mt^maim 

— <0»tf&Sr)B!lS L/C i: -!> 7 0 %JiLh*s 1 TjV^ 

[0050] limmi mmm i izm^x , ^2<oa-fi: 

l/min, TMGSrl 6 2juinol/min (V/'IIIJt=2 2 

22) tLxry}^-y'GaiNX*)^^m2(om<m¥^ 

^mfz tZ^. 500 ffliOrtt' 1 TimmXt^:^^ Lfz 
[005 1] [||JfeCT2] IIJfi<9!lll3*3V^T, II2<^S 

it'mmi/^m<ommizmth^ikXf&<Dmtmmm 1 1 

Jt!lSLTlfif{ik'^V^M[6ltS)0, 5 0 01I<0|*I, 1]9 
B#^XtcO*ij&^»BK L/C i, C0{4 , 5 0 %VJ.±X'h -> 

[0052] {.mm 3 ] 119 «4*^BHcOflflc7)||JS0lJ{C 

mm2\,z-o\^xw^'^h, 
[00531 mmm i tcfev^-cm 2 c7)M^bii#^#:ii4 

2rfig;;R:^-<tS^*C, ry^— TSrO. 2 7mol/min, T 
MG5rl 5 0//mol/'min ( V/IIIJt= 1 8 0 0 ) i: 

$<i>t2i^^yXf;^S:JDtTS i H-TGaNiO'S: 
-l.m2cOM-(k!it^mJi5: 3 0 /i mc7))ljJT'«;R$-|*- 
h . cicom 2<^M'(t:!|*J^i*^«4 , H 1 aM.^wm\l^ 
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[0054] mmmm i i: n^i: LTvStta^-i-tfM 

mfii2 2$rJg^L-CV— ^fS^i:■r■l>. ClOl^-lfS^^ 
tllSS«^l!:ll«tc<5BiIirca6gBI!gL. ITTi^lSIfiU: 
t!t t <0{4 5 0 Ofl8iO|*lT 5 0%liLhife^ 

[0055] [IIM0IJ4 ] USSPH 1 iCtJV^T . 112 
-fliii«!l¥#«c«4S-)S^$-<irl,|Sgt:. r^^xr^O. 2 
7mol/min. TMGS: 1 8 0 jwmol/niin (V/lIIit= 

15 0 0) k.^hmt. hnM.\z\^xv-^m 
[00 56] {.mm3^mmm\\,zM\^x.^i<7y^ 

^<LT. V/IIIJt^800i:-rSflfi«. HSi^lfc 
t'lffiig^iSL. llife0iJlttJ{5'|SI#«^ffli^T^— f^i^ 

[0 0 5 7] [||JteM6] ||SfiMl{:*3V^T.Il2<^M 

-ft!}?34^^«jS4^^:a§-li:S|gt=, ry^-T^o. 1 
5mol/iiiin, TMGSr 5nuiiol/min ( V/IIIJt=3 0 ) 

[00 58] [Il«fi0!l7] Syt0<Jl(:iiV^T. II2C7)§ 

\mfmwmA^^m^hWi,z. si^H-rtTH 

JPS: 9 0 miOMff-C'jS^R^-tirS . mtmm^ 1 1 |5l« 

-/N^rKOiUtfci:^^. •9-7r-fTi:ll2iOM'fb!f5)^ 
^: 0|aj^f^^l|cDB8^T\ ^ x -v\j&>'Jiii(7) J; a 

aLT. fi«»«ti. ^i«oM-fi:!|?!i^«cji2, at^« 
[0059] wm\>:.nmz\^x^m9'7-/Y 

Ji 1 8 7!)-<i>±S- y y.i^m^b P 2 OaiXp /N-«y 
N'mH 2 1 ^ S , fl L . Vy-JXhy-( rcT^QM 

ii^mmi:^tix\.^^<^x\ mmiz-^^-^h^it 
limmxsyt, ~-)fumsiim^^tLxmtii^titii^& 

xmti^^^ ^m<7)f^2 <Dmim^i>^mmm<^im:kmi>z 



[0 06 0] mmiz. :i<o]y-^m'Fi>ismmx'mwLX' 

mmm t , l Tfl^^JSLhcOfW^S:^ LJt t <7)(4 5 0 0 
m(^f^X7 0%a±.X$>r>ti. 
[006 1] 

V ^x\ mmi,zmtitzt^^xmmmzc}^-''j:\,^mitwm 
'mmwm-^mzm.'^ Ti!'-^< x-^ ^ tz^b. u— if 

m'f^x'\,immizmitzi^¥Bxmifi'>^j:\.^^ 2 (Dmtim 
mw.m(r>±.iz^'mi-ttsm.im^ii^mt:m.m l-c v> 

[01] ^%^m^^-)fmzi5\^x%t^ixhmm^ 

[112] *^BB£7)j^iS^raicfcv^Tt#4>^xSS^!Bj¥ 

mwm<7M^m^^:Wk^mz7^-tmmm. 

[114] ^mm^mm\<zii\^xnt:>ixhmmi^ 
m{¥m<m^mm^immzm-mmm. 

[H 5 ] fi»i0jS#^r^CJ3 v>Tf#<b^t&M-ft;!Hi^ 

[116] m^(r)^¥:iim^zn\,^x%t:>ixhm:wm 
wm(^m^im.^m^m'.zw^-tmmm. 
[07 ] ^<Dm:-mi\,zii\.^x'i%(>ixhm.-k.wm 
w.m<m^mtt:ism!i\,z^mmm. 
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2 • ■ 




3 • • 


• uw^ 


4 • • 


■m2<r>m^m^m 
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■ ■ nm^A m 


15 • 




1 6 • 


• • pm^-Y-y-rm 


1 7 ■ 


■ ■ pm^^'^ m 


18 • 
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• • pm^y^^hm 
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